The primary source of the discharge of phenols into the environment is industrial activity, such as the production of pharmaceuticals, plastics, and pesticides, being the majority discharged into surface water sources, reaching concentrations around 0.001 to 0.400 mg/L. These compounds are considered a priority contaminant due to their toxicity to aquatic life and effects on human health. The presence of phenols even at low concentrations generates flavour and odour in drinking water. Due to the molecular stability and solubility of phenols in water, their removal by conventional water treatment methods is inefficient. However, adsorption with granular activated carbon (GAC), after conventional filtration with sand and anthracite, is an efficient technique for the reduction of organic compounds such as phenols. This paper studied the effect of applying double filtration to the reduction of phenols present in the filtered water of a conventional drinking water treatment plant, using two types of GAC (vegetable and mineral) and three GAC:Sand configurations (100:00; 00:100; 50:50). The configurations with GAC showed an efficient reduction of turbidity, organic matter indicator variables (UV 254 absorbance and total organic carbon) and phenols, the mineral GAC being the most efficient GAC.
INTRODUCTION
Water is often the main route of human exposure to pathogens, toxins, and organic and inorganic contaminants. In Colombia, around 60% of drinking water treatment plants (DWTPs) are conventional and supplied by surface water source, that generally presents high turbidity levels, reaching levels in the order to 3,000 UNT (Pérez-Vidal et al. ); in addition, the sources are exposed also to contaminants such as phenols.
The presence of phenols in the environment is mainly a consequence of human activities (industrialization and agricultural activities). Wastewater from industrial processes (for the production of pharmaceuticals, perfumes, explosives, phenolic resins, plastics, textiles, petroleum, dyes, leather, paper In drinking water, phenols generate odour and taste and may have negative effects on the environment and human health (Mohamed et al. ) . The World Health Organization (WHO ) strictly regulates phenols and has established a limit of 0.001 mg/L in drinking water; in Colombia, levels cannot exceed 0.002 mg/L in surface water (Ministry of Agriculture ) and 0.001 mg/L in drinking water (NTC  ). However, conventional or full-cycle DWTPs, which are widely used in water purification, achieve a limited removal of phenols, less than 10%, due to the stability and solubility of these compounds in water (Kim & Kang ) .
For the removal of phenols and other forms of organic matter, in addition to activated carbon powder, filters with adsorbent media like granular activated carbon (GAC) are used to replace the granular media commonly used in rapid filters (sand or sand and anthracite) or as a step after conventional filtration because the properties of activated carbon, such as surface area, porosity and surface chemistry, provide a higher capacity for the adsorption of organic molecules such as phenols (Aksu & Kabasakal ) . Authors including Kim & Kang () and Tan et al. () have shown the efficiency of dual sand and GAC media in removing organic compounds, in which the sand located at the bottom of the filter is responsible for the polishing step (Perea et al. ) .
This work evaluated the influence of two types of GAC (vegetable and mineral) as a second filter medium in the removal of phenols present in filtered water (filtered with sand and anthracite) from a DWTP supplied by the Cauca River (Cali, Colombia), which was doped with two concentrations of phenols, close to 0.30 and 1.0 mg/L, before the double filtration with GAC. Taking into account Colombia's drinking water standards, one of the most important quality parameters is turbidity, so in this study, in addition to measuring the absorbance of UV 254 , total organic carbon (TOC) and phenols, this variable was also measured.
METHODS

Preparation of doped water with phenols
Water filtered through sand and anthracite filters from a conventional DWTP supplied by the Cauca River, which treats water at a flow rate of 6.6 m 3 /s, was used. were measured in the phenol-doped filtered water from the DWTP and the second filtration effluent according to protocols of the American Public Health Association (APHA ).
Experimental unit
Transparent glass columns 40 cm long, with a nominal diameter of 25 mm, an internal diameter of 19 mm and a 15 cm filter bed height were used; ten experimental units were used for each doped phenol concentration ( Figure 1 ).
The assay was carried out for 7 hours; a flow distribution system was used to allow the transfer of the filtered phenol-doped water to each experimental unit during the assay ( Figure 1 ). The flow rate was 12 mL/min for a constant filtration rate of 2.54 m/h. The empty bed contact time for configurations of 100% GAC was 3.9 min and for 50%
GAC was 2 min, acceptable values for laboratory filters
Evaluation of filtration
Three media were used: silica sand, GAC of vegetal origin (VAC) made from coconut husk and GAC of mineral origin (MAC) made from grains of bituminous coal. All of it was of commercial origin. Table 1 shows the characteristics of the adsorbent filter media used.
The five configurations evaluated in duplicate (R) are shown in Table 2 , for a total of ten experimental units.
For the turbidity (NTU) and UV 254 (cm À1 ) measurements, filtered water samples were taken every 15 minutes. 
Data analysis
To determine statistical significant differences between the configurations of filter media evaluated, an analysis of variance (ANOVA) was performed (a value of P less than 0.05 indicated significant differences between the evaluated criteria). In addition, Tukey's multiple comparison test was performed using the Minitab 17 statistical program.
RESULTS AND DISCUSSION
Characteristics of the adsorbent media
In relation to the adsorbent media, this had similar characteristics, except for the sources and the effective sizes. The VAC made from coconut shell tends to have small pores, whereas in the manufacture of MAC, a wide range of pores tends to form. Therefore, MAC is usually used for applications in which the compounds to be retained are of different molecular sizes, as in the case of the substances present in water (Gupta & Ali ) . According to these characteristics, the MAC material could be expected to present a greater reduction of organic compounds. Sand features smaller effective size and coefficient of uniformity Characteristics of DWTP-filtered water and phenoldoped water Table 3 shows the characteristics of the filtered water and the water doped with phenols. 
Evaluation of filtration
Turbidity Figure 2 shows the results for turbidity over time for all the configurations evaluated using concentrations 1 and 2.
In general, it was observed that in all the filter configurations, turbidity values lower than the initial level were reached. The filters with 100% sand showed the best performance, given that between 80% and 100% of the data were lower than the initial level for both concentrations. Regarding the filters that used GAC, it was evident that after 310 minutes, the removal of turbidity decreased for both concentrations. This pattern occurs because the media with GAC reaches capacity more quickly due to the particle retention capacity of GAC, which is related to the effective size of the media, whereas the sand has a smaller size and a greater specific area, which facilitates the removal of turbidity. In this sense, filters in which only GAC is used are more susceptible to the penetration of turbidity (Christopher ).
However, the ANOVA and Tukey tests indicated that when comparing the GAC configurations with sand, there were no significant differences, except for with the C4 con- absorbance , consistent with this study.
TOC and phenols Table 4 shows TOC results with the replica (R) over time for phenol concentration 1. Table 5 shows TOC results with the replica (R) over time for phenol concentration 2. Table 6 shows phenol results with the replica (R) over time for phenol concentration 1. Table 7 shows phenol results with the replica (R) over time for phenol concentration 2. Figure 4 shows the reduction of TOC and phenols for all the configurations used.
GAC has been used with favourable results for the removal of phenols from water (Aksu & Kabasakal ) because GAC has an excellent adsorption capacity for relatively low molecular weight organic compounds such as phenols (Mohamed et al. ) . Figure 4 shows that the 100% GAC configurations presented better results compared to the 50% GAC configurations, and a correlation to the amount of GAC available for the adsorption of organic compounds could be shown. However, the sand did not guarantee the reduction of phenols, which confirms the low efficiency of traditional filtering media used in water treatment processes, especially when the phenol concentration is higher (Christopher ).
The results of the ANOVA and Tukey tests showed that there were statistically significant differences for phenols between the sand and GAC configurations, whereas for TOC, both the sand and C4 configurations differed from With the GAC configurations, maximum efficiencies for the removal of TOC and phenols of 81% and 98%, respectively, were achieved for concentration 1 and of 85% and 99%, respectively, using concentration 2. Although no significant differences were found between the media with GAC, the maximum efficiencies were obtained using the configurations C1, C2 and C5 for TOC and C2 and C5 for phenols, indicating that better results are obtained using MAC and the 100% GAC configurations.
Studies such as that reported by Gibert et al. () show that the effectiveness of GAC decreases over time during 
CONCLUSIONS
Sand and GAC present different characteristics, which influence the efficiency of particle retention. The dual filters (sand and GAC) ensure better removal of material associated with dissolved organic matter (UV 254 absorbance, TOC and phenols). With the GAC filters, maximum efficiencies of 93% regarding the UV 254 values, 80% for TOC and 99% for phenols were achieved, while with sand, the In general, it was noted that mineral GAC (TOC removal efficiency: 60-80%) was more efficient than vegetal GAC (TOC removal efficiency: 50-70%) independent of the configuration. Due to the adsorption efficiency depending on factors such as the contact time and the volume of the adsorbent, the operating conditions must be evaluated in each case to reach the limit values established by regulations.
